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To frozen efficiently iha million* of compounds that s/e ! i 
synthesiud Lifting eonibinatoriahand automated method*,! 
dramatically improved aaaay toehnelogSe* am currently 
needed In B6-*y*fl rweroTftor pUtma, nonradioactive 
technique* (primarily fluerirnatrie) and cdll-baaad functlonatf 
mcthwia have moved to iha cutting odgo, while de*er adseys 
that catrncr fnfofmation from large b tad-baaed combinatorial 
ribrarioe hava begun to ahov* cens*Jerafe|a premise. In the 
ftjtur», miniaturized «aoaya that break out of tho Oe-woll format 
will bo enabled by innovative tochnohglpa far hJflh-throughpvt 
acratnmg. ;j 
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CL ohamdumtruaoartaa 

PTTA-PfTC Ml ^{p-lpothiooyanfcteb*^)^!*^/! Wtriam'ir a- 

Nl,NWN*^macetic acid 
FP fluoraaeaAoa palarfeatian 

FRET HuQfmAc«r\ca r«aorurtc» *>*tQy fjonffar 
KT3 Mgh-throughput aoreenina 
HTS-NT hialvthrooshpui i<u«»^ a new kvthnologiM 
Ln-TftF tfmo-f*aolv©d fluorescence of lanthonld* «ti« 



Introduction 

High-tkroughpuc screening (HTS) |9 & well-cacablished 
method for identifying useful, novel chemicaj structures. 
Because of new synthesis technologies such as combina- 
torial chemistry and autornaced synthesis the number* of 
new molecules available for screening have exploded in 
che paac few yean. Furthermore, a growing number ofllncw 
cargoes hivo begun to emerge from genomics effort*. New 
technology development in HTS is propelled by che need 
co evaluate more compounds accivc against more targets. 

Currently, HTS involves a relatively straightforward exten- 
sion of laboratory -scale aisayr, Depending on the assay, 
the adaptation of an away to HTP can involve either 
miniaturi'sat/on (typically, to a 100 uJ mlcrodier plate assay) 
or automation (generaJIy, actempcing to mi mi© as closely sb 
possible the actions of a researcher In a Is ©oratory assay), 
or both. Accordingly, the sampling race chat dfcrtinguilihe? 
'high-throughput 1 from slower screening depends on: the 
difficulty of the assay, A typical enzyme-based soretfljcin 
generally achieve a throughput of 5000 to 5000 larriples 
per duy for HTS, while cell-based or other nonbiedtcrnical 
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schtavo anly a.few hundred sample* por da,y. 
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will cover HTS technologies thai are currchdy 
re|| is chose that are In the proceed of being 
d. Improvement! in HTS fall into several 
jibs: amplification of away development* redaction 
iasa^ eosca; and improvement in simple throughput; 
lUonpVi we shall avoid the prefixes *qlcreV and* 
specifically refer to Improvement in sample 
bjpjtK and use the broader suffix '-NT' to denote 
lehnologiet, in order cor define the field as 
jfe have divided the field into three ores* of 
inccteK iH rs-NT for liquid-phase asssys mat broaden 
mojlippliabiliry of 9t*weU microticer plapcsi HTS-NT 
for|kyi^pl affc binding assays that exploit the solid^pha^e 
Spa e rtatfttttrlscic of sorae combinAeoria] libraries co 
th oughpu^ and miruacuriiacjon technologies for 
" ioac enable liquid-phase easaya in volumes of 
crbliper or lw. 

:-wW|l microtliar plate tochnolocjy 
civ*m*thDda 

oi atones have begun m -favor assays phac avoid 
of adioactive isotopes, This aversion is due not 
cose of reagents arid to the cost per way, 
cha inherent limitations on miniaturization of 
4vo bsiays: An assay with, say; n 1000 cpm signal in 
^Ul t necessarily have only a 10 cpm signal in s 1 fij 
rMUi'ing 10 000 times as long to count to the same 
if sec i racy. The principal alternatives to radio activity 
*r«W|ibfD»af nee and chomiluminescerico, 

the y jars, several fluorescence methods have bean 
fpiatj 9 address a wido range of biological assays. 

using simple rluoreseepxe does not provide 
^performance for HTO» even ijiough it is an inher- 
teoslt ve technique. In principle* a single fluorescent 
'ilia; 01 n produce thousands of photons such that, in 
lip ases, limits of detection have been extended co 
theStti^o-riolcculc level. Its primary drawbaetc, however, 
ubep ibility to background effects, bpih from thp 
IcaJ milieu and from ♦photophysleal effects such as 
ft* 

ill libnipares nonraoloactive detection methodologies 
kvift! b sen applied to HTS, One extremely versatile 
'itiv: method that aerves broadly as a replacement 
(ioiacri/icy \* based on the time-resglved rjuorcseence 
, met suTCmdnts of the rare earth Unchanide ion^ 
iti} B4ch as europium (Eu), The first application 
ptartF to screening involved *n,tlb°dlcs labelled 
pnthanides for use In sensitive immunoassays (For 
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I recent reference! Bee [lM Because the Bu*> label w 
ili it -least " Bcnsitiv* as IMI. which ii cammpruy uted in 
K? radioactivity assoye, this technique haa found mctcaslngly 
2i broad application « • replacement for rac1ioic*viry in 
»Vi H TS waaya. Furthermore, many types of uwyi that 
». have been developed ■ using radioactive labels can be 

switched Co lanrtunide^baaed ways, simply by using 
§r different labelling tongeaw. For example, chemical la* 
a." belling of free amines has craditionally b«n earned ; 

out using H"I]Bo|tenrHunter reagent l^teammidyl- ; 

W M4-Hydiaxv^-pai]iodophenYl^ ' 
ft pminc-rcacxivo europium chelate Eo^DTTA-PITC 
serve* a» a straightforward replacement. In addition, a 
wlurion that di«ociate* europium from complex m 
order to enhance the lanthanide fluorescence acts as & 
tBpJaccmcnc For scintMatlan fluid. Examples of radioactive ; : 
H assay* that have been aueceaafUlly converted to laiimanide ; 
R" assays include chose for several type* of receptors (both ■ 
' direetligand labelling 13-] and Bu^-labellcd ptreptavidm- . 
k based detection of blotjnylatcd taigets [4,5J and tyrosine !: 
^ kinase essays (uJinfi Eu+ s -1ibellcd amiphosphotvrtwinc : ; 
francibodiei 16]). The JantJ^pide-bascd system is. however. ; 
Pjptncced to assays of pti >7, which ensures the integrity 
i(.ef_the ohelsUP-,"'* ; j 

ill'' 7~" " ~ - 

former development of LnTRF hi* been directed toward p 
'klt-in-one' rea gpnts that Incorporate the pmperctes of the 
enhoncernent solution into the the Eu^ complex, m oroer ; 
tc shorten the toul time of the es«y ao,d to provide e ; : 
more stable, nondiasodablc cryptarx comple* Achieving;; 
comparable sensitivity with these cry ptatea has proven to; 
be difficult, however* due to th= interaction of a single ■ 
europium ion «nch multiple excitation 'anannee when; 
dissociated [71, Recently, a system he* been developed ; 
that increases senaitjviry by using a bJgfr-Intensicy laser 
to excite the cryptate [B], Assays ha$«d on FRET 
(fluorescence rodotivnee ejiejsy.. transfer) from a caged 
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nin <AP0) further expand the tango 
„, _ In this manifeatatiDiv'il has found 
in screening, provided a suitable site 
for incorporation of the second (APC) 
of APC can cither be achieved directly 
ve liMting reagent) or usin^ UbeHed 
toward a non-obtrtjaive aire m the 
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Uthsnlda tlmi-r««oWftd fluoro&aono* (UTRP) 
REiorescfinco msonwee «nflrsy tmn*f»r (FHCT) 

Homoetneou» limft-NMekM4 ftuorescencs (HTRP) 
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reasibg being used in nonndieactive sctopn- 
(11, 12]. A major consideration in, eho«»bs_ 
energy transfer is the distance change 
ion ligand binding or entyrhD turnover. 
tranJfer to be rwsible. tho distanee must' 
!*b<ut 40-50 A [13)- To put this distance 
iOA is approxJmawly fbe diameter of 
with molecular weight 26000 Da. 
Jnjtatjee* (e.g., smsll peptides that can act 
sbbstatci), this diatancc is achievable with 
lilj Jctrwincy. FRET u of pertlctilar ytijity 
pnteascB, since doubly labelled peptide 
jnerally aynthetieally aoccaiiblei «nd can 
% number of contract $uppUen\In other 
ling of a protein ligand to its receptor} 
labelling geometry ia far Jest certain. 

fljoreaeence pohriaadoft (FP) In KTS 
aWlng as a result cf (he availability ef 
i development of a W-wetl plato rpiider 
The technique is well founded in the 
serving as the basis for many m**Hered 
" technique, binding event* are detected 
tbbidonal mobility of a fluorescence group* 
of FP are that only one fluorescent label 
a homogeneous away can bp performed 
of background fluorescence- Since the 
ihii ; taking place upon exeimtlon of the fluor 
i' ; 

l 
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is proportional cp the faction of the total fluor in the'bound 
state order, assays may nccdvto be performed in receptoj 
excess. ■ situation that is not always practical. Bnzymeji 
(primarily protoaies, but also kinases and phosphatases) 
can also bo assayed using FP. Compared witb FRET, FP it 

more useful^vhen the targets are Iprge, since larger change* One pij 

in rotational mob il icy con 1 generally be observed. based i 

rneaiej 

New and potentially interesting approaches for time»do4 at the 

main fluorescence measurement* (pr two«photen induced no: be 

fluorescence) arc bains developed to improve seruitiviry reipoc 

under i variety of experimental drcurnstanccs [17— ,18]; develojS 

These homogeneous rime-resolved fluorescence (HTRF) lynernj 

approaches may bo applicable to HTS-ST ( but generally ovcrCof 

require specialized reagents for optimal application if it q pr 

well as now equipment That has yet to be developed! bbloioj 

Additionally. Eigcn and Riglcr [19,20) have suggested perse 

that new methodologies employing advances in single* transit 

molecule detection can be applied to HTS*NT> It ii and lr 

not yet clear whether limitations it) die speed of dabi of this 1 
coLlecrJon (at low fluor concentration*) or the saturation 

of the detection scream (at high flu or concentrations) will Anoth 

limit the range of applicability of HTRF too i eve rely. pertie 

I cat cl up 

Advgncsrnenp in flu orca cent reagents have also been lasers 

helpful in HTS-NT. Labels that arc retf-shlfccd cab be co elin 

distinguished from the biological background (excitation FLIPF 

>$ZQ nrn) more easily, and arc consequently helpful where rapid j 

increased sensttiviry is important. The eyenihe^based dyes 111**]. ; 

nest synthesized by the Waggoner group at the Universiry of fluid 

of Pittsburgh (31,22], are particularly useful In this regard; tha crag 
Reagents that fluoresce Sn the Infrared are also betn£ 

developed, but have nor found signifies tit application ii The 

I ITS to dace, primarily due ie» lack of available detectors, [j\ devg 
and insufficient experience with IR labels on the part of 
biological researcher* [23]. 

Che milu mine job tico (CL) is another photometric tcch^ syso 
•niquc that is applicable to HTS. be recti on of Ct! are sttfj 
is a convenient adjunct to fluorescence* since most human 
place readers capable of measuring fluorescence- will particuB 
man i ate luminescence at well. This technique has been seven- 
used predominantly with luciferase reporter genes in yeast 
cell-based assays and in high-sensitivity ensyme-l inked growth.] 
irnmunoi orbent assays (ELISA) employing ehcmilumoj; porter] 
genie substrates for alkaline phosphatase and horseradLstji of gen! 
peroxidase (24,25]. Recently, electroeherriicaJly generated to gens 
crvsrnilu mine sconce has been applied as a sensitive and human! 
versatile means of detection, using special, radosVdative These j 
labels [2 6', 2 7, 28]. 7b date, however, ibis technique hsi wieh 
been applied primarily id immunoasaay-based detection.!; for orpl 

!j which 

MHsaeed funetiorwl methods 

Functional methods for screening receptor-mediated phe* 
nornena have many advantages owf traditional receptor 
binding assays. Eaaentiall^ functional screens enable 
the researcher to discriminate between different binding 
modes (agonist versus antagonist), as well a? co broaden thjj 
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B iltr ultiple components of % 'signal Ii ng caacaite, 
IW'tle degree of biochemical' eb^rscrerizatjojl , 
ihjfcj QytofunetJeoal' assays, in pat^oiilar./are 
"rceii sg application to HTS-NT. ' ^ 

!Uj ig methodology is a. high-throughput screen 
iu n mobilization. Thja welUesr^bHshed cyro- 
yjrwa. i developed in 1989 in the Tsieri laboratory 
itsi y of California ac San Diego [29], but has 
ed effectively for HTS beoawe the calcium - 
4hi irx-Hved "ton the order of seconds). The 
tj tf a high-speed, higrv-sansltivlry Imaging 
jp]j pi w commercially available, has helped to 
UlL1 , 1 mlpuions of calcfum detection and rnsde 
, HTS methodology. This imaging system is 
etc f araHcl irnsgo data at speeds up to 10 frames 
, tat • snsitivides that allow depiction of cgleium 
irj be 1 populations. Concurrent liquid handling 
w wi $ another key development for the success 



l toward measurement of cellular assays > 
i of membrane potential and intracellular 
i» bwed on the tiso of i hi^h-lntensfcy 
rutrow depth-ef-neld optica wbiefc helps 
l^elcgreundr This iftiqument, known as 

jence imaging piste reader), permits 

imitation and imaging wjph high sensitivity 
method described above, this combineuorv 
imaging allows for high throughput despite 
" the response. 
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wyecs cmuiji** has also been useful 
jew HTS methods, If ji relatively eoey 
it with outrun DNA encoding receptors 
lertcs of signal fmnsducapn pathwys and 
ion used to develop in HTS screening 
signalling pathways in yeoit and humans 
rotated co permit functipnml cvaluflpon of 
-s In yeast cella. This method tas found 
the analysis of human C-proteio-coupled 
rantmembrane receptor* which work well in 
and provide convenient readouts such a$ 
ic on or promotion) or transcription of re- 
B *ause of the scrajghtforword mnnipulspon 
iftrmatioo in yesstv it is rclipvcjy simple 
family of strains that differ by a single 
facilitate the analysis of screening dats. 
[isjbyv have identified molecules chat interact 
timin receptors, as well as peptide Ifganda 
transmembrane receptors (receptors for 
as yet unknown') [«♦]. 



!ria>t involves lij^nd -dependent trantformA- 
lian cells has also been developed. In 
stimulation of any one of a number of 
are transiently expressed in NIB 3T3 
confers a growth phonorype [34.35J*. 
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It"' Compounds tnpt ,WBtl<!l ' thc Btiro° latBd 

ran be identified colorimeodflally, became thc reporter 
W Rene encodihg mplsowidasd is eoampliftod during cell 
*v proliferation. This method ia particularly useful in the 
SB 1 functional eljuaifieoxion of compound libraries containine 
|, bock. agonists and antagonists, 

■ 

Methods t or screening combinatorial libraries 

Tho advent of a©Ud-pha*e syntheiU ■* the preferred 
V methodology for generating large combinatorial libfarie* 
his presented an opportunity to exploit the jrntnobiliaacion 
<j of Email molecules to ftcilicace w»y development Among 
Ac cady example* of the effectivenew of large libraries 
as disoovcry cools wa* thc demoiMrxatinn that antibody 
cpieapei can bo defined by screening combinatorial j; 
librarib* of peptides. Tbii methodology hi* led rather > 
naturally lo lucent developments *At involve aolid-phue j 
synthetic libro/io* and cheir interaction* with protein ^ 
i domains |36,37**J. 

Ift&'Qce soUd-phftrc bindin&artays do not necessarily reflect 
gflbc pmpoTties o^jmall' molecules In boIuiM additional j; 
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Roki format MWy off carbonic ap>tydPM» tM Trw^aH, TNchoto, ajiC^ t J ^ 
up lh t*o blepk, Rrxt, a layar containing bovine airborne on1fydnwW..| and k 
faurter (Bo mM, pH 7.4) ww iayvrtd wtwotypao of b»*4> eont«^oi*M^M 
das*. On th» l«fl aa shew*, b»*da oofittwhinj) on i)hfbftor wt» a],Kj In aoWSonJ 
containing an htoVrtor w*h a *j in aoWw of 4rjM v*ra oiorf. AftrAs frit layer i 
flwerDacoin dtaootaU add'od. A lorms of photoo/spha n*«n afterltfw Mwndi 
function of Inhibitor potancy b ehawn. The mjnbara at tho fewer Wi pt «*oh IWd I 
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jLna boon developed chat involve release 
£cu]ca at precisely 'defined drop* and 
?Bxi mplo of chis type of a«WV ja the so-called 
I ! ! em cyme amy (Fig, 1), in whloh be*ds 
bolij-phaae combinatorial library Rt&chsd 
lea' «blo linker axe immobilized in agarose 
|enEyme of inmreW. 



[d tation of (he solid phase has involved 
jn pounds through their ability to bind 
lis id target, Depending on roe typee of 
binding conditionfi used, this technique 
, i election of the highest affinity member 
{snce, under excess lignrid condiaons, 
Wi I dtflpJaoe Weaker binding molecules), 
fittt donation and/or direct ohafao(erizanon,of 
'ic Jles ean lead to a vrholc family of binding 
[d v for thc genortdon of % itnieture-actuvicy 
J l) t This Eeehnique Has 6oynd mow urJliry 
icprides chat bind «pc*ifioaUy to other 
ijnple, MHC claas H molccu]w and 
0 and photphotyro«no-bin<Jin ^domains 



( Maty. unpuUifhad d4m)< Tho aiaay w» a«t 
j iopo (S^plaquatw, o.mt] In aoa>im pho«phoi* 
;o4bonk anhydnu* Inhteilora of tha afyl luJfbnfimida 
wmp H*wi t wh3p »ti Ui* HgN aid*, bo»o> 
sacond tayar oontalntng luo<og»tuo aube)rate 
tthWing The dowo^ipmant of ams <4 inhiWtUn m a 
tint a In mlnulea attar photajyiai of tho inhlHw*. 
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Fluerc*eenee*«cavated bead sprang: holds great 
in identifying individual beads that contain qoi. 
of intcrcvt, This methodology ha? been United 
by technical issues, Commercial coll sorter* 
cc-cneincercd to accommodate bead sorting, 
potential of this atmegy may not be reaiiacd l 
development of specialized instromenta designed 
fho flow chdrwtciiBdcs of combinatorial library belds. 



jto dice 
to bo 
fuli 

the 

around 



neejj 
be:bre i 



Miniaturization 

Need* 

The technological advance* of HTS-NT have 
In iways that are quicker to set up and 
arc beginning to provide cbc means to . 
full potential of combinatorial chemistry and ... 
genomics for drug disecvery. Miniaturisation is via! 
actualization became, In simple wins, the ratal i 
of a*mys required is the product of Che number of 
and die number of compounds available for tend i£. 
ojsemple, suppose that a full screening effort for 
pharmaceutical company in chc year 2000 would 
cbc purvey of a deck of 10* compounds apinsc 200 
per year. This ■uppositian approximates a 
increase in both ehe Compound deck and the t 
In thjfi scenario, 2x108 assays of 100 pL, each 
10 jiM test compound with nominal molecular 
SOQg/mtl would^rcquire rough) y two million 
plates, 20 QOO Jicen of each tatgec «olution,^n<i 



of each compound per yean Clearly the expenses 
to extract all the information needled will be ejdrbitanC 
without a technological overhaul of che screening frocesi. 
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, is th number of o/olh on the place artf 
integer, ^rhicjk . defifcabes^lxe pe&ible poking 
In a reerilinear array, The balance pojnt of.theae 
laponi, mlitalher ^June syi^blc packing 
Swggwi a plate with 1536 well? (n-^), Muj |n 
\ commercial plate having them properties is the 
HTS pfate shown in Figure a. . 
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Due eo tha diycrac biochemistry of potential ( 

which range from high turnover enzymes to lov copy 
number ToeepcoH, not all auiyi Wi|] be ambnablc 
to minis ruriaatioji. Nonetheless, miniaturisation (co th* 
extent that aisaya remain competent and straightforward 
to ertablleh) wjJJ ba embraced In the future. There ire 
presently wo broad effdrt* la minis wrizadori, classified 
by the type of container that is needed. In the s ; mpler 
case, the sample container in an o*cn Vettel sifrjlar eo 
a mieratlter plate yell, only smaller. Beyond a oermin 
point, however, miniitufiwion in an open vessel is 
iiripractioal because of rapid evaporatjofi of , the u mple. 
Thus, miniaturisation below the microlicer scale requirea 
a closed vessel, which raises issues of loading sample and 
biological reagents Into a tiny chamber, 

Qpan voss«| 

Forconvonsioriftl well shapes (round- and flafbettolmcdX 
the low tirnh for an open container in a laboratory 
environment is on the order of one microliter (J Burbaum, J|j 
R AfHewk, unpublished data). l n (W, { om ^ -more 
rapid analytical sampling is achieved by pickin j the 
microJiter-volumc wciU more densely, in other wor Ja, by 
having more wells per unit ama of the plate Surface, 
To maintain compiribility with iho j6*we\\ wodci; the 
•plaia density ihould foWovriho gcornocrte icrios N»n2.9e 



fW^ilP^iafl^.P^a flridof 1<jhan?wWHIi qf 

, a ui total v^birr^ In addftion, a»ar« c^ofwiirah 
apae ng hm boari aityatod at tho.onda of the raw and four . 
1 w l,IJ Ptao-d at tha top and banom'Qf tha firai 

ob umna L TrawgWioloa (•) permit aftynm-rl of th. pSui* 
• h >War h*»p «|ao bean ineludao\ 
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^kwj uniques for detection of fluorescence in dte 
format arc needed. Conventional pUtc readers 
cenoe typically read one wll at a cjme, buc eaah 
j|| plate would take about sixteen times longer to 
[mci use of increased throughput requirements, serial 
£ will be unaecoptably slow ur>lci S aubicandally 
its a\ A more promisina; approach ioyoJvcs fhe wsc 
ifliw =enct imaging, using (for exomplc) scniidve 
pleased cechtioloeiea, to oolleet data from all die 
ist a nec, Flyorcfcence imagi^ tfl s technique that 
^n; recent apeciaJi&ed applicatlona in HTS (see 
_K!otc general fluorescence imaging techniques 
jflet eloped will require rfae development of new 
to allow for the eff wre of miniaturization, In 
the development of robust labolljng reagenps 
■UOR see at longer wavelength* w}» be needed, with 
^ jt« raotiJity to allow for many Wnde of ffMoresccnoc 
lpo>y. 



lis* 



if microBeopy as a detection too] is another 
that offers more icnricjvjcy. Fluorescence mi- 
a WeU-cstablished analytical method in cell 
^d poAology. that is also quantifiable, Uncil 
howeven limiutiona in data proccsaing speed 
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.11.' hm limfccd its usefulness in" HTS, Clearly, assay* 
M xhavreqeixe Incmsed 1 Sensitivity would be' amenable te' 
.& fl mfeB^py.B^bnique^ since mferoaccpy. h«s tiadiuonoUy 
YicldWljvwfcwcnco giMPuremcntt of singly cellf. 

A * - 1 ' . t. • '-: 

Fihillyiicphrifcidpi for using cdl-bascd assays ere needed, 
HjffVdf benefit torn the QimUcuHzation of th© caJcluai 
■ flux and fee flbflWid Instrumentation described earlier; in 
^ order io exploit the M\ apccirurn of orgcta, h«*w«>r, th« 
- jeveUpraent of new repoiicihgenBa,*J&oElrfci^ji^€flsyTnfif^ 
}V sno^ioi.n'ew 0ijowe*nt -proteins, will be needed. The 
utility of various reporter genes In HTS-NT was reviowd 
Ji* recently (£Q,'io will not be covered further- 

(in" . • ■ ' 

Mj Cloaid V69H| ^ . J 

{ft* lo order w develop assays with volumes significantly l«t 
&. th|£ i micrtjlircft a dramatic rethinking of conventional 
W)f} assay actaccQc* U required, fhi« coriccpaial ahift !■ caused 
DV tn "° neecrti"«y of enclosing ihc away simple Gemplerely 
prevent evaporation, Valutnewic delivery of fluidi In 
Wipoliccr volumes without jsross-eontaminiidbh i* tlwrfy 
problem chat rnuat. be - resolved before HTS.NT in 
J^pplosed eentainert ii considered practical^ Two new 
K^lr^anJc^We accepted this challenge, s|nd!have taken 
^'promising *ppreaches teward defining HTS in naneliter 
H^unw: Caliper TfethnoIo£ies-(P5s Alts, C^?Ei«) r and 
' Orchid Bioeomputer (Princeton, New Jersey).! 

Caliper 1 * technology uses advanced capillary rwcroftuidies 
.Sj! driven clcetrophorctically to enable rapid *tid reproducible 
transport of fluid* capable of carrying an electrical current 
Reeeru'idvarwci in manufacturing technologic* Hare fl- 
cilicaccd she development of complex microfluidie circuit* 
(for a icoont review sec [W)> that have been described 
a* laboratories on a chip. To be applicable for HTS-NT, 
however, assays needlo be/fiSKOxkcd using electfophoredo 
ot chroroatographic separations. Much work is needed 
to develop robust and vena die separations for biological 
q«ay samples in these small volumes, but the payoff In 
mlnifcCurtotiDtt and away acceleration would; be strilunft 
particularly with assays involving kinases *nd proteases for 
which separations-based ways are currently u«ed. 

Orchid's technology integrates lyndwis and analysis of 
library compounds in nanolitcr volumes. The challenge 
of oliquoring organic aolventa for synthesis en a nanoliter 
reale has been rnet using a proprietary electronic pump 
that can be used with any solvent. Using fabrication 
techniques pioneered In the semi conductor industry 
nanoliter reaction and analysis vessels are beiiig integrated, 
such that a tingle four-Inch ailieon wafer will support 
10 s acparax aynthcsses/bloMiaya. Because- separations we 
not required for a. successful way t thia technology will 
provide: » strong complement to the miniaturised sepaia* 
tiens afforded by Caliper'* 'lab-cn-a-chip' approach- Thia 
technoloey, .when mature, will allow for Che simultaneous 

* ! 
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years we should sec a dramatic incroaic 
ajaalyio large sew of compoundi esainst 
areecr, as the new technologies for 
this review come into routine use 
ifjljrtb'cipated .here are [pvenfod, The reaaoo , 
iiien|e effort ia obvious: the payo^ifi rerini 
deals discovered will be well worth 
!lirl new teohnolftgies. and will provide the 
in the biotechnology revolution, The • 
ed compound cMnacteri^aEion pfforded 
be algnifcant, with new ac^j 
for direction of opllular proces^a 
kijl^ Doceasible. New fluorescent te^gcaw, 
' lal elHng kits, tnd miniaturization of assays 
epn driving the technology, We can not yet 
of the impact, p U c can onry predict that 
_ behipeund discovery fnethocMogle? wil] be 
ill.:: i . , ,'*. S 
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